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A B S T R A C T
Introduction: Apneic episodes have not previously been described in children with 1p36 deletion
syndrome with seizures. Having encountered one such patient, we reviewed our experience of breathing
difﬁculties in this syndrome, with particular attention to evidence of ictal apnea. We describe four
children with 1p36 deletion syndrome, seizures and apneic episodes.
Method: Retrospective analysis of clinical features, seizure semiology and video-EEG data.
Results: All patients showed characteristic craniofacial features, mental retardation, and diffuse hypotonia
and apnea. Seizure semiology included focal motor, secondary generalized tonic clonic and tonic events. All
had histories of status epilepticus; three showed clustering of their habitual seizures. Assessment of apnea was
complicated by the presence of multiple other potential causes including obesity, reﬂux, respiratory, and cardiac
problems Epileptic apneas were conﬁrmed in one child by video-telemetry. In three other children, an epileptic
basis for apneas was inferred from their clinical histories and treatment response supported by EEG ﬁndings. In
three children, epileptiform discharges occurred over fronto-centro-temporal regions.
Conclusion: Epileptic apnea is a feature of 1p36 deletion syndrome, though episodic apnea is
multifactorial in these children, and may need repeated re-appraisal.
 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at SciVerse ScienceDirect
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jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
The 1p36 deletion syndrome is one of the commonest
subtelomeric deletion syndromes, characterized by moderate to
severe global mental retardation, characteristic craniofacial
abnormalities, congenital heart defects, obesity, precocious
puberty and hypotonia.1
Epileptic seizures occur in 50–60% of cases.1,2 Various seizure
types described in this syndrome include epileptic spasms, focal,
generalized tonic, tonic-clonic, myoclonic, typical & atypical
absence and atonic seizures with similarly varied EEG ﬁndings.1,3,4
However, epileptic apnea has not been recognized in children
with 1p36 deletion syndrome. We present one case in which
epileptic apneas were conﬁrmed by video-telemetry. Having
encountered one such patient, we reviewed our experience of
breathing difﬁculties in this syndrome, with particular attention to
evidence of ictal apnea.
2. Method
Twelve children with 1p36 deletion syndrome were seen at the
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doi:10.1016/j.seizure.2012.02.004between 1995 and 2008. Of these, four children were found to
have epileptic apnea. We retrospectively studied the electro-
clinical features of these 4 children with 1p36 deletion syndrome.
The clinical details were reviewed from their hospital notes.
Particular attention was given to the children’s seizure history
and classiﬁcation, with speciﬁc attention to seizure incidence,
types and frequency, and response to treatment. Epilepsies were
classiﬁed according to the (2010) recommendations of the
International League Against Epilepsy.
Polygraphic Video EEG recordings were carried out while
patients were awake and asleep using standard electrode
placements and montages & consent was taken from parents or
carers. Results of EEG studies performed elsewhere were obtained
from hospital notes.
The Great Ormond Street Hospital Research Ethics Committee
approved the protocol for this study.
3. Results
Three boys and one girl were identiﬁed. Pertinent aspects of
their clinical and family histories and ﬁndings on examination are
summarized in Table 1. At the time of their last review, the boys
were aged 2, 8 and 16 years and the girl was aged 11 years. Three of
the four children had recordings in both wakefulness and sleep and
one had an EEG while sedated in intensive care.
All presented before the age of 5 years, but only one in the
neonatal period. This boy showed eye ﬂickering, with variablevier Ltd. All rights reserved.
Table 1
Clinical ﬁndings.
Case 1 Case 2 Case 3 Case 4
Age (at examination) 16 y 11 y, Polish 8 y 2 y, Bangladeshi
Gender Boy Girl Boy Boy
Born at 40 weeks 38 weeks 36 weeks 38 weeks
Birth weight 1.6 kg 2.3 kg Unknown 1.06 kg
Apneic episodes Yes Yes Yes Yes
Genetic 1p36Del 1p36Del 46, XY, t(1;8),
(p36.22;q24.1)
46 XY, del(1) t(1;2)
(p36.3;p25.3)
Dysmorphic features Yes Yes Yes Yes
Cardiac No VSD ASD, PFO, pulmonary
hypertension
PFO, mild dilatation
of descending aorta
Respiratory Tracheostomy; b/l vocal
cord palsy; eventration
of diaphragm
Recurrent infections Recurrent aspiration
chronic lung disease
Recurrent bronchitis
Gastroesophageal reﬂux Yes Yes Yes Yes
Febrile seizure No Yes Yes No
First seizures 2 y 3 y 1 y 5 weeks
Status epilepticus 4 y 3 y 3.5 y 11 m
Seizure free No No Yes No
Past medications Topiramate, carbamazepine Phenobarbitone, valproate Valproate, carbamazepine Phenobarbitone
Present medications Valproate, lamotrigine Lamotrigine Levetiracetam Topiramate/phenytoin
Longest seizure free period 3 m 8 w 7 y onwards 5 w
MRI brain scan 12 y all commissures small;
delayed myelination,
polymicrogyria over
right perisylvian area
6 y generalized reduction of WM;
increased size ventricular and CSF
spaces. Pituitary gland asymmetrical
with deviation of the stalk to the
R. No localizing or lateralizing features
2 y immature myelination
pattern; no other
intracranial abnormality
1 m – bilat
polymicrogyria
R > L frontal lobe and
R insula. Calciﬁcations
in WM
Seizure semiology Focal tonic seizures with
apnea in clusters
1. Focal motor seizures, in
clusters  desaturations.
1. Focal epilepsy with
secondary GTCS.
1. Focal motor seizures
2. Focal seizures with apnea 2. Focal epilepsy with apnea
(disturbed consciousness)
2. Tonic seizures in
clusters with apnea
Abbreviations: VSD = ventricular septal defect, ASD = atrial septal defect, PFO = patent foramen ovale, WM = white matter.
G. Kanabar et al. / Seizure 21 (2012) 402–406 403(mainly R-sided) jerking of limbs. The girl had lip smacking, eye
blinking and laughing during seizures. Other seizure types seen in
the boys were focal and generalized-tonic-clonic seizures. All four
children had at least one episode of status epilepticus; one had
recurrent prolonged clusters of events lasting up to 48 h each
month, and clustering was prominent in two others. All four
children had clinical epileptic seizures associated with apnea with
oxygen saturation between 52% and 75%.Table 2
Neurophysiological ﬁndings.
Case, age Clinical events Ictal ﬁndings 
Case 1
2 y Cyanosis, brief jaw quivering
desaturation SaO2
Runs of rhythmic 12–16/s slowing
to 4–6/s over R Sylvian/central
region precede events
2 y 7 m Staring, apnea R mid-temporal sharp waves
preceding staring/apnea
3 y 6 m None None 
7 y Breath-holding, vacant/eye
rolling events
No EEG changes 
9 y Hypoxemia/tonic stiffening
SaO2 64–75%
Runs of R frontal spikes
2–4 s before hypoxemia
16 y Desaturation, laughing,
agitation, stiffening
No EEG changes 
Case 2
3 y Ventilated and sedated Electrographic seizures arising
from R centro-temporal region
6 y None None 
Case 3
3 y None None 
Case 4
4 weeks None None 
4 m None None 
5 m Ventilated and sedated None 
6 m None None 
11 m Possible event ?Posterior slowing, no spikes Details of the children’s ictal and interictal EEG ﬁndings are
summarized in Table 2.
4. Case example
Case 1 was the most extensively documented child in this
series.Interictal (epileptiform) ﬁndings Interictal (background)
ﬁndings
None Within normal limits
None Mild slowing
None Some excess theta
None Mild slowing
Isolated infrequent sharp
waves R + L anterior regions
Multifocal excess delta
Occasional sharp transients anteriorly Some excess delta
Left > right fronto-central spikes Moderate slowing
None Non-speciﬁc theta, no alpha,
some maturation
None Excess of theta for age
Frequent runs of frontal sharp waves,
occasional widespread bursts
Frontal delta activity
Frontal sharp waves, L > R Within normal limits
None Mild slowing
Occasional midline frontal sharp/spikes Within normal limits
None Mild slowing
Fig. 1. Epileptic apneic event showing at the onset. Spikes appear over the right fronto-central regions with slowing of activity to 3–4/s seen in Fp2-F8, F8-T8 and F4-C4
electrodes (A), SaO2 abruptly dropped to 74% (B).
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antenatal scan and born with intrauterine growth retardation.
Infancy was complicated by repeated respiratory infections and
bilateral vocal cord palsy requiring tracheostomy, with interven-
tions for gastro-esophageal reﬂux and hydrocephalus.
He was noted to have apnea associated with seizures at the age
of 2 years. His seizure semiology included focal tonic seizures with
apnea, cyanosis, brief jaw quivering, starring, eye rolling, vacant
look, mouth tightens into an ‘0’ shape. Mother says he looks pale
and appears not breathing. His seizures have lasted no more than
3 min and he is sleepy afterwards.
Apneas were a persistent feature and an EEG at age 2 years
showed runs of rhythmic slow activity over the R central/Sylvian
region preceding episodes of cyanosis (Table 2) by several seconds.
This sequence was repeated several times during recording, solely
and invariably related to the clinical events.
At 4 years, he presented with clusters of apneas preceded by
staring, pallor and stiffening. When seizures were treated with
anti-epileptic medications (AED), there was improvement in
seizures as well as apneas but these recurred at the age of 6
years. Interictal EEG showed only mild asymmetrical theta over the
right temporal region.
Complaints of apneic attacks continued and EEG at the age of
seven years showed featureless low amplitude activities in
wakefulness and normal sleep components; there were no focal
or epileptiform features. Breath-holding, staring and eye-rolling
episodes had no EEG correlates.
At the age of 9 years, 3 days of EEG video-telemetry (without
AED change) documented 13 clinical events (11 from sleep) with
tonic stiffening closely associated with oxygen desaturation (SaO2
64–75%) preceded by runs of right fronto-central spikes (Fig. 1).
An EEG at the age of 12 years, showed no seizure activity during
periods of eye rolling or vacant staring. No apneic events were
captured. A mild asymmetry with runs of theta activity over the
right temporal region in both wakefulness and drowsiness was
again evident.When patient was 15 years of age, apnea recurred. During
video-telemetry at age 16 years, several episodes of desaturation
were recorded following withdrawal of AEDs associated with
emotional behavior such as laughing or agitation and stiffening. In
all events the desaturation began several seconds after the onset of
emotional change. No consistent EEG changes were seen before or
during these episodes, although some of the longer events showed
a late mild increase in theta, probably related to oxygen
desaturation. No epileptiform activity was seen at any time
(Fig. 2). These episodes were thought to be central apneas.
In addition, other episodes reported by his mother, such as
vacant staring, head rubbing and repeated arousals from sleep
were not associated with epileptiform EEG changes. The interictal
EEG was unchanged from the previous recording.
Case 1 was 16 years of age during his last clinical examination.
He has marked kyphoscoliosis. He smiles responsively ﬁxes and
follows but uses no verbal or non-verbal communication other
than cries and occasional grunts. He is unable to sit but can pivot
and pull himself up a little. Tone has increased in all four limbs
with full range of movement in the arms but ﬂexion deformity at
knees is present. Reﬂexes increased symmetrically in upper and
lower limbs. He reaches and grasps objects with a palmer grasp
and manipulates toys.
These clinical apneic episodes (sometimes triggered by heat,
cold, constipation and ﬂashing toys) continued.
5. Discussion
Epileptic apnea has not been described previously in children
with 1p36 deletion syndrome. We describe four such children with
seizures and apneic episodes. An epileptic etiology was proven by
ictal EEG recording in one case, and inferred from the history,
interictal EEG ﬁndings and response to AEDs in the remainder. Our
report adds epileptic apnea to the spectrum of seizure types seen in
children with 1p36 deletion disorder and highlights the need to
investigate possible epilepsy in children with terminal 1p
Fig. 2. Episodic emotional behavior with laughing stiffening and no desaturation at the onset (A) with no consistent EEG changes seen before or during this episode.
Desaturation (SaO2 dropped to 77%) seen 46 s after the onset of emotional change with no associated epileptiform activity in the EEG (B).
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saturations were often in the 50–75% range). While additional
features that would suggest an epileptic seizure could be present,
such accompaniments were very variable. Ictal apnea has also been
reported in epilepsy associated with other chromosomal abnor-
malities.5,6
Apnea during epileptic seizure may be due to contraction of the
diaphragm or respiratory muscles or as a result of reduced central
drive (central apnea).7 It is most often related to pathophysiologi-
cal mechanisms during sleep, and is reported in children with
global developmental delay and seizures from many causes.8,9
When such children are also obese, they are more at risk of
developing conditions such as sleep apnea.10 By contrast, apneic
seizures in 1p36 syndrome were not conﬁned to sleep and no
children in this series were clinically obese.
When we considered all four cases together, we noted two
previously unreported features in addition to apneic events and
the multiple seizure types as listed in the introduction. All children
had episodes of status epilepticus requiring PICU admissions, and
three (Cases 1, 2 and 4) showed prominent clustering of their
seizures, including focal motor seizures, and focal or tonic seizures
with apnea.
Apneas (with desaturation) are well recognized to occur in a
range of focal seizures and epilepsy. Reports of epileptic apnea
have highlighted temporal foci11,12 and this was seen ictally in our
Cases 1 and 2 (Table 2).
Interictal abnormalities were seen over the fronto-centro-
temporal regions in both and in a third case (Case 4).
The varying contribution of epileptic seizures to the etiology of
apneic episodes in these children was shown in Case 1, in whom
epileptic apnea was demonstrated at 2 and 9 years. An initial
response to AEDs was maintained for around 2 years, followed by
apparent relapse. However, other factors seemed to account for the
apneas captured during EEG recordings at age at 4, 7, 12 and 16
years of age. Episodes of desaturations at the age of 16 years were
associated with emotional behavior such as laughing, agitation and
stiffening. Desaturation began several seconds after the onset of
emotional change with no consistent EEG pattern, demonstrating
that such apneic episodes were non epileptic.
All of our patients also had other contributory reasons for
apneic episodes including gastroesophageal reﬂux disease andrespiratory problems. Three out of four had congenital cardiac
defects. In Case 1 apnea recurred despite AEDs. In Case 3 apneic
episodes improved following fundoplication. New seizure types
without apnea may supervene, as seen in our Case 4.
Our results emphasize that although episodic apnea, is often
multifactorial in children who have 1p36 deletion syndrome, the
potential contribution of epileptic seizures should be carefully
considered.
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